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DISCUSSION

The individual perceiver is not directly- informed about the actions of two of the three
muscular systems which operate to optimize various properties of his retinal image for visual per-
ception. Pupil size and lens shape are themselves controlled within closed loops in which particular
attributes of the retinal image (and perhaps of perception itself) serve as the basis for servo signals:

some aspect of the quantity of illumination is used to control pupil size in the interest of optim-
izing the tradeoff between quantum catch and image quality; some function of image clarity is em-
ployed to control lens shape. But direct information about neither pupil size nor lens shape enters
visual perception at allI. For example, the accommodative state does not provide a cue to depth
perception -- although, in principle, it could -- nor is pupil size even a reasonable possibility as a
cue to perception for anything at all.

This lack of information regarding the actions of the pupil and lens is in marked contrast to
the eye movement control system, where quite a different story holds for the consequences of the
actions of the extraocular muscles. Although for some classes of eye movements the extraocular
muscles also may act under closed loop control, direct open loop information about the action of
the extraocular muscles not derived from effects on the retinal image are essential for visual per-
ception, if only for the obvious reason shown in Figure 1 - namely, that an observer foveating the
visual target (in a) would have an identical change in retinal image location produced by target
movement through angle B (in b) and by an eye movement through angle 0 (in c). It is essential that
the observer perceive matters diff erently in (b and ic), and for this purpose it has seemed essential
to have a channel of information that can signal the change of eye position separately ffomn the
channel of information that signals retinal location. In the same vein, it is also desirable that the
observer be able to perceptually derive the spatial location of visible objects from information re-
garding their retinal image location. But, this too cannot be done from retinal image location alone
any more than one can derive the location of an object in a room from the location of the image of
the object on a film's image of the room taken by a camera. However, if the orientation of the
camera relative to the room is also given as a separate piece of information, it becomes possible to
derive the location of the object relative to the room.

Thus, it has seemed obvious that our visual localizations of visible objects must be obtained by
combining information about retinal image location (RI1) and extraretinal information about eye
position relative to the orbit (EEPI1). The particular combination of R I and EEPI that relates the
two by a neural subtraction process is the Cancellation Theory and is represented in Figure 2.

(Although it will not be pursued here, it is worth noting that Cancellation Theory comes in
three forms (Figure 3): Inf low Theory puts the source of EEPI in receptors in the orbit; Outflow
Theory puts the source of E EP I in the command to turn the eye, and the Hybrid Theory puts the
source in the orbit but modulates the inflow by means of outflow. Which of these versions is correct
is not yet known (Matin, 1972, 1982).

In lost year's Final Technical Report (Matin, 1982a) I described how we were able to conclude
-largely from our experiments with experimentally paralyzed eyes of human observers -- that the

cancellation mechanism is the basis for visual localization in darkness, as well as a most important
basis for intersensory localization in a normally illuminated environment and in darkness, but that
in a normally illuminated environment visual localization was not itself normally influenced by the
cancellation mechanism. Instead, in a normally illuminated environment the involvement of the
cancellation mechanism in visual localization was suppressed.

* Thus, in order to study the relation of E EP I and the cancellation mechanism to spatial locali-
zation in the absence of such suppression, the situations of first choice include (1) studying visual
localization in darkness; (2) studying intersensory localization in darkness; (3) studying intersensory
localization in a normally illuminated environment. We have studied all three. In addition, some
specific theoretical interests regarding the relation of cancellation to localization has led us to in-
vestigite localization in strabismic observers. These interest include (1) an attempt to determine
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from psychophysical experiments which of the two neural circuits (in Figure 4) for cancellation-
mediated localization was true, and (2) an interest in determining which of t .e two models in
Figure 5 (Figure 5a; Figure 5b) described the way in which EEPI was involved in the determination
of localization with the two eyes. (3) An additional interest that led us to work with strabismic
observers was concern with the possibility of flexibility and/or adaptation in the relation between
RI and EEPI. Strabismic observers provide a singularly useful anomoly for dealing with these three
focal interests. The experiments to be described below deal particularly with (2) and (3).

Figure 6 shows the strabismic observer (viewed from above) monocularly viewing a light with
the left eye when the right eye is ocluded (left side of figure), and also monocularly viewing the
same light with the right eye when the left eye is ocluded (right side of figure). The angle a is the
angle of strabismic deviation. If the EEPI employed in localizing the light for each of the two view-
ing conditions in Figure 6 is the same (model in Figure 5a; "localization with unitary binocular
EEPl1-the difference in localizing the light between the two conditions should be equal to the
difference in ocular posture between the two conditions -- that is, equal to the angle a. Strabismics
with different deviations should thus show differences in localizations between the two eyes that
should be simply related to the size of the strabismic deviation. If localization was mediated via the"unitary binocular EEPI" as in Figure 5a then this difference in localizations between the two eyes
should hold when the visual target A is presented at any eccentricity, not just in the median plane
as shown in Figure 5.

On the other hand, if the EEPI employed in localizing the visual target in Figure 6 was not the
same when localization was with the left eye viewing as when localization was with the right eye
viewing - that is, if EEPI is separate and different when viewing with one eye as compared to when
viewing with the other eye (model in Figure 5b; "localization with independent monocular EEPI),
then the difference in localizations with the two eyes of a strabismic observer need not be equal to
the strabismic deviation. Specifically then, if the difference in localizations between the two eyes
of strabismic observers is unrelated to the magnitude of the strabismic deviation then one could
conclude that EEPI employed for localizing with one eye was independent of EEPI employed for
localizing with the other eye. A result in which the relation between strabismic deviation and locali-
zation difference between the two eyes was neither complete nor entirely absent would indicate
some linkage between the EEPI employed when the left eye was viewing alone and when the right
eye was viewing alone.

As a means of measuring visual localization we employed a localization match between the
fixated visual target and a sound whose location within the horizontal plane was variable. This
localization match was carried out by each of 23 strabismic observers with monocular viewing with
each eye at each of three gaze eccentricities determined by the experimental placement of the
fixated visual target (12.5 degrees to the left of primary position, primary position, and 12.5
degrees to the right of primary position).

Figure 7 shows the results for one normal observer (MR, upper left panel; measurements were
made at 5 gaze eccentricities in his case) and three strabismics; the figure plots the location of the
matched sounds against the eccentricity of the fixated visual target, with the main diagonal indi-
cating the focus of veridical settings. Table I shows a characterization of the 21 strabismics for
whom we have at least complete preoperative data (each of these strabismics was operated on and
most were available for postoperative testing -- see below).

Figure 8 shows the match at each of the three gaze eccentricities for each of the ten comitant
* . strabismics on whom complete pre- and postoperative measurements were made. The main diagonal
* plots the prediction from the model with unitary binocular EEPI (difference in localizations be-

tween the two eyes should be equal to the strabismic deviation). The dashed horizontal line plots
the prediction from the model with independent and different monocular EEPI for each eye. The
results fall along a best fit line with a slope of +.22, very far from the unitary EEPI model. Further
Indication of the failure of the results to support the unitary EEPI model is the fact that there was
no regular order to the localization errors at the three gaze eccentricities acros observers. Differ-
ence -Atween the two eyes in setting of a visual target to the median plane also showed no sys-

.oic relation to the magnitude of the strabismic deviation (best-fitting slope +.05).

'i



N ADC-83049-60

0o

D- o

0

Lj OU

C-,

a.U 0

cr Li cr -

ui w

.. ..... .......



N ADC-83049-60

z -J

29> co0..
~Li IAJLI

>- .. Uw->-

<

Sa. -0L&J a J-

w >LAJi

LUU

> _I
0 Ir >

> DL

I- 2

1iz H Hr

>- CD

z zr
0 0

4 r

U. ILL,
-J w .z0

> >m

Lii)'

A .L J > - > -

7



* NADC-8304960

&

0- z-I
0 ~ >

W >-J

w )
UfOL ze- (
0 w 0 - a:

4 >.j.U. w

__- -L -1.

~LL LJ

0. 
0.

z _. 0

CL

z

CL

00

0 p?

r Wa IiJ~ LwJ

w >- x 2>-
-i LLIL.



NADC-83049-60

LI

0
Z

-i >

L.

wz

0

I-ts-=

Lii
__0.

0- x

'o
D ncn

Ir 0~

9



NADC-83049-60

LEFT EYE: o--
RIGHT EYE: o----o

20- S: MR -, S: STRAB. I
NORMAL ESODEVIATION:

10 - 21.80~0 - ALDIA PRE-O R.

LCn -,
0 Z-10-

1-20 VE IDICALL

~CW 20-SSRB1 S: STRAB. 14
< LI ESODEVIA- ,'ESODEVIATION:

cc 10 -TION: 7.970-' 19.290 p
Z (D PRE-OP.' PRE-OP.Op

o -10 -
N a 0-

-20 V RIDICAL VEPIDICAL

-20 -10 0 10 20 -20 -10 0 10 20
HORIZONTAL POSITION OF LIGHT

(DEGREES VISUAL ANGLE)

Figure 7. Match Of Horizontal Location Of A Sound To Location Of A Foveally Fixated Light
For Each Eye Separately Viewing Monocularly For Each Three Strabismic Ob-
servers At Each of Three Gaze Eccentricities And One Normal Observer At Each Of
Five Gaze Eccentricities
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Figure 9 repeats Figure 7 but also adds the postoperative results for the three strabismic ob-
servers. The postoperative results were obtained within 48 hours following the strabismic surgery.
Postoperative measurements are not systematically different from the preoperative measurements
for the strabismic observers in Figure 9; nor were systematic differences obtained for any of the
other operated strabismics. Figure 10 displays the change in the difference in localization (change
in left e e-right eye difference). The change was not systematically related to the original strabismic
deviation (slope - -.03) which itself was approximately equal to the surgically produced ocular
position change. These results either imply the operation of an inflow mechanism or a rapid recali-
bration of EEPI. I strongly believe that rapid recalibration has occurred; this does not at all, how-
ever, say anything about the presence or absence of an inflow mechanism.

I 1
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